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2 Claims. (ClL 55—71)

This invention relates to an improvement in the re-
covery of products comprising chlorine and hydrochloric
acid from gaseous reaction mixtures containing chlorine
and hydrogen chloride in admixture with water vapor,
normally gaseous materials and organic impurities. The
invention relates more -particularly to the recovery of
chlorine and aqueous hydrogen chloride in a high state of
purity from reaction mixtures produced by reacting hy-
drogen chloride containing organic impurities with oxygen
in the presence of a solid catalyst at temperatures be-
low 450° C.

The process of the invention is applied broadly to the
recovery of chlorine and aqueous hydrogen chloride in a
high state of purity from gaseous mixtures containing
chlorine and hydrogen chloride in admixture with nor-
mally gaseous materials, water vapor and organic con-
taminants obtained at elevated temperatures. Essentially
chlorine- and gaseous hydrogen chloride-containing mix-
tures of this type, contaminated by the presence of -or-
ganic impurities, are obtained in the industry, often at
elevated temperatures, as desired products or as by-prod-
uct streams, particularly in processes wherein chlorine and
water vapor producing conditions are present. Organic
contaminants encountered therein may comprise, for ex-
ample, organic components and halogen-, sulfur- and oxy-
gen-containing organic components solidifying at relative-
1y low temperatures, for example, below about 50° C.

The invention is applied with particular advantage to
the recovery of chlorine and aquecus hydrogen chloride,
free of any substantial amounts of organic impurities,
from the impure, hot, gaseous reaction mixtures obtained
in the production of chlorine by the reaction of hydrogen
chloride, containing organic impurities, with oxygen, or
an oxygen-containing gas, in the “low temperature cata-
Iytic hydrogen chloride oxidation process” executed at
temperatures below 450° C. and generally below about
400° C.

The process referred to herein as the low temperature
catalytic hydrogen chloride oxidation process is that de-
scribed and claimed in copending application Serial No.
83,134 filed January 17, 1961 now U.S. Patent No. 3,210,-
158 issued October 5, 1965, wherein hydrogen chloride
is reacted with an oxygen-containing gas at a tempera-
ture below 450° C., and preferably below about 400° C.,
in the presence of a catalyst comprising a copper com-
pound, for example, copper chloride, in combination with
at least one compound, for example, the chloride of the
rare earths (among which are included scandium, yttrium,
zirconium, thorium and uranium), and at least one com-
pound, for example, the chloride of an alkali metal. A
unique feature of the low temperature catalytic hydrogen
chloride oxidation process, attributable to the combina-
tion catalyst employed therein, is the ability to attain very
high conversions of hydrogen chloride and cxygen to chlo-
rine and water at unusually low temperatures for this re-
action with exceedingly long catalyst life.

Hydrogen chloride available as charge material to the
process, however, often contains organic impurities such
as, for example, hydrocarbons, and halogenated hydro-
carbons. Under the conditions prevailing in the low tem-
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perature hydrogen chloride oxidation process, organic im-
purities present in the charge thereto will react to form
chlorinated products. The reaction mixture obtained will
therefore comprise, in addition to chlorine and hydrogen
chloride, chlorine-containing organic materials originally
present in the charge or formed within the system. The
presence of these contaminants is often highly undesirable.
The amount -of chlorinated contaminants present in the
reaction mixture will generally increase with decrease in
reaction temperature. At temperatures in the neighbor-
hood of 450° C. and higher, these organic contaminants
are decomposed to predominantly normally volatile prod-
ucts. At such high temperatures, however, the favorable
equilibrium conditions enabling high conversion of hy-
drogen chloride are not attainable.. In addition, at the
temperatures of 450° C. and higher, corrosion and cata-
lyst volatility are increased inordinately.

The present invention provides a process in which the
advantage of a relatively low reaction temperature in the
oxidation of hydrogen chloride is retained—an advan-
tage which caan be realized only with the use of catalysts
of the above-mentioned composition—and in which, in
addition, the chlorinated organic compounds are, simply,
yet effectively, removed from the reaction mixture.

In accordance with the present invention, chlorine and
aqueous hydrogen chloride are recovered in a high state
of purity from hot, gaseous mixtures, such as, for ex-
ample, those obtained in the low temperature hydrogen
chloride oxidation process, containing hydrogen chloride
in admixture with chlorine, water vapor, fixed gas and
organic impurities, by quenching said hot gaseous mix-
tures with water or aqueous hydrogen chloride, contacting
said quenched mixture in concurrent flow with aqueous
hydrogen chloride in an absorption zone at a temperature
sufficiently low to effect the selective solidification of at
least a substantial part of said organic impurities, thereby
separating a liquid phase comprising aqueous hydrogen
chloride and suspended solid organic impurities from a
gaseous phase comprising chlorine and fixed gas free of
any substantial amount of said organic impurties in said
absorption zone, separating chlorine free of any substan-
tial amount of said organic impurities from said gaseous
phase, and separating said solid organic impurities from
said liquid phase. In a preferred embodiment of the in-
vention, a tubular falling film contactor, wherein said
quenched reaction mixture is brought into direct contact
with a concurrently flowing film of aqueous hydrogen
chloride which is in indirect contact with a cooling medi-
um is employed.

In order to set forth more fully the nature of the inven-
tion, it will be described hereinafter in detail with refer-
ence to the attached drawing, wherein the single figure
represents more or less diagrammatically, an elevational
view of one form of apparatus for carrying out the process
of the invention.

Example

Referring to the attached drawing: Hydrogen chloride
gas, containing organic impurities, emanating from an out-
side source through line 2, is combined with air, intro-
duced through line 1, and the mixture subjected to oxida-
tive conversion conditions in a suitable reaction zone, for
example a reactor 5, to effect the oxidative conversion of
hydrogen chloride to chlorine. Suitable oxidative reac-
tion conditions comprise those described and claimed in
copending U.S. application Serial No. 83,134 above re-
ferred to, including, for example, the presence of a cata-
lyst consisting essentially of a mixture of copper chloride-
potassium chloride-didymium chloride and a suitable solid
support, such as finely divided silica, and a temperature
in the range of about 300-400° C. The hydrogen chlo-
ride charged to the process may emanate from any suit-
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able source. It may, for example, be a product stream
obtained in any of many processes involving thermal and/
or catalytic processes wherein hydrogen chloride is intro-
duced or produced, including chlorination, hydrochlorina-
tion, dehydrochlorination, dechlorination, etc. of organic
compounds. Thus the hydrogen chloride contaminated
with organic compounds, which is the starting material for
the preparation of the mixtures that are treated according
fo the invention, may, for example, be hydrochloric acid
produced in the pyrolysis of dichloroethane or dichloro-
propane, or else in the chlorination of various hydrocar-
bons by substitution.

Reactor effluence, comprising unconverted hydrogen
chloride in admixture with water vapor, chlorine, fixed
gases including oxygen, nitrogen, oxides of carbon, as well
as organic impurities is passed from reactor 5 through
line 10, provided with valve 11, into a suitable absorption
zone. The absorption zone may comprise a suitable fall-
ing film absorber 15.

Thus, in a typical operation a gaseous stream of 5804.5
kg./hour, obtained by the catalytic oxidative conversion
of hydrogen chloride, containing organic impurities, with
air in reactor 5, at 365° C. in the presence of a catalyst
containing chlorides of copper in combination with potas-
sivm chloride and didymium (mainly lanthanum and
neodymium) chloride, and discharge therefrom into line
10, is found to bave the following composition in parts
by weight:

< (o 658.9
HyO oo 519.3
82016 ------------------------------------ 133;
2 —————————————————————————————————————— -

N2 e 1952.2
COp o 35.2
Cly o 1897.8
"CClg e 9.2

52297

In passing through line 1§ the gaseous mixture is
quenched with agueous hydrogen chloride emanating from
within the system, through valved line 13 discharging into
line 10. Thus the gaseous mixture flowing through line
10 is cooled from 365° C. to 95° C. by quenching with
574.8 kg./hour of hydrochloric acid of 30.5% concen-
tration (175.3 HCIZ-399.5 H,0) of 40° C., supplied
through line 13, the hydrochloric acid so added as quench
being totally evaporated. The gaseous mixture entering
absorber 15 now contains 834.2 kg./hour of HCI and
918.8 kg./hour of HyO and its composition is unaltered
as regards the other components so that the total gas
stream is now 5804.5 kg./hour.

The absorber 15 of the falling film type may suitably
comprise a plurality of tubes 19 projecting through plate
29 in the upper part of the absorber. The exterior sur-
face of the tubes is in direct contact with a cooling me-
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dium introduced through valved line 21 and withdrawn

through valved line 22. A suitable cooling medium com-
prises water. The quenched gaseous mixture entering
through line 10, into absorber 15, passes downwardly
through tubes 19 in concurrent flow with aqueous hydro-
gen chloride, emanating from within the system through
line 23, provided with valve 24 and cooler 25. The
aqueous hydrogen chloride (dilute hydrochloric acid) en-
tering absorber 15, above plate 28, overflows into tubes
19 to provide a falling film of aqueous hydrogen chioride
in tubes 19.

As the reacfion mixtures under consideration are very
corrosive, the apparatus should be made of corrosion-
resistant material. For this purpose, graphite has proved
very satisfactory, although graphite is chosen in the
present illustrative description, other suitable materials,
for example, glass, tantalum and certain plastics such as
polyethylene, Teflon and polyvinyl chloride can be used
as construction material. Steel surfaces provided with
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protective layers, for example, layers of the above-men-
tioned plastics, can also generally be used.

In passing through tubes 19, the contents thereof are
cooled to effect the selective solidification of at least a
substantial part of the organic impurities. The specific
temperature preferably employed will vary in accordance
with the specific impurities present. In general, tempera-
tures below about 50° C. and as low as somewhat above
0° C. are employed. Temperatures in the range of from
about 10° C. to about 40° C. are generally satisfactory.
The temperature conditions within tubes 19 are obtained
by judicious control of the cooling medium introduced
by means of valved line 21 and optionally by other con-
ventional means not shown in the drawing.

Hydrogen chloride is absorbed in the aqueous hydrogen
chloride resulting in a fortification of the aqueous hy-
drogen chloride in its passage downwardly through tubes
19. The liquid phase leaving tubes 19 may generally
have a HCI concentration of from about 5 to about 40%
by weight.

The concentration of the HCI in the aqueous stream
entering absorber 15 through line 23 may be controlled,
for example, by blending acids of various concentrations
produced within the system and optionally by further
dilution with water by means not shown in the drawitig,

The rate of flow through tubes 19 of the aqueous hy-
drogen chloride is conirolled so that the impurities crys-
tallized out will not deposit upon the inner walls of tubes
19 but will be entrained in the liguid flow. With a suf-
ficient rate of flow, therefore, any blockage of the tubes
is forestalled. Suitable rates are, for example, from about
3 to about 10 liters of hydrochloric acid or more per
cm. cross-sectional circumference of the tube per hour.
For a tube with a diameter of 10 mm., this is the equiv-
alent of about 9.4 to 31.4 (or more) liters of hydrochloric
acid per hour.

In order to limit the guantities of liquid needed to pro-
duce certain rates of flow, the hydrochloric acid can be
tecycled; that is to say, the hydrochloric acid leaving the
bottom end of the tubes 19 can be fed back into the top
end of the absorber by means of lines 13 and 23. Hy-
drogen chloride from the gaseous reaction mixture enter«
ing tubes 19 is dissolved in the dilute hydrochloric acid.
In this way, the concentration of the hydrochloric acid
can increase considerably in the course of successive
cycles. However, part of the circulating stream of hy-
drochloric acid can also be withdrawn, continuously or
intermittently and replaced by the same volume of a
more dilute hydrochloric acid or water; in this way, it is
possible to arrive at more or less constant operating con-
ditions. The more dilute hydrochloric acid in question
can be obtajined by water-washing the chlorine that has
left the absorber 15 as described hereinbelow. As a
rule, it will be desirable for most of the hydrochloric acid
leaving the tubes 19 to be kept in circulation. In cer-
tain cases, this will amount to about 80 to 90% of the
liquid passing through the tubes.

In the present illustrative description, there are intro-
duced into absorber 15 6,900 kg./hr. of hydrochloric acid
containing 30.5% by weight HClI at a temperature of
40° C., emanating through lines 13 and 23; and an ad-
ditional 1184.5 kg./hr. of hydrochioric acid containing
12.79% by weight of HCI at 48° C. emanating through
lines 43 and 23.  The gaseous mixture flowing through
line 10 entered tubes 19 at 95° C. The tube (19) bundle
comprises 168 vertically arranged graphite tubes, 4.2 m.
long with an internal diameter of 25 mm. The effluence
from the water-cooled tubes 19 has a temperature of 40°
C. and comprised 4203.7 kg./hr. of a gaseous phase hav-
ing the following composition in parts by weight:

HoO oo 32.0
HCl oo 1432
(C)zcls ------------------------------------ 13;1-;11
D e —_—— .
Ny - - e, 19522
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€O e 35.2
Cly o 1897.8
CCly e e 9.2

and 9685.3 kg./hr. of liquid phase consisting of aqueous
hydrogen chloride containing 30.5% by weight HCI and
23.0 kg./hr. of crystallized CyClg.

The gaseous phase is passed from the lower part of
absorber 15, through line 33 into a wash column 34.

The liquid phase is passed from absorber 15 through
line 26 to a suitable solids separating zone, for example,
a filter 28. Within filter 28 the solids consisting essen-
tially of 23.0 kg./hr. of CyClg are filtered from the liquid
phase. The solids, consisting essentially of CyClg, so
separated are removed from the system by suitable means
represented by line 29. The liquid phase (filtrate) con-
sisting essentially of 30.5% strength hydrochloric acid is
taken from filter 28 through line 3¢ provided with valve
31. Of the stream flowing through line 30, 6,900 kg./hr.
are recycled through lines 13 and 25 to the upper part of
absorber 15; 574.8 kg./hr. are passed as quench through
valved line 13 into line 10; the remaining 2187.5 kg./hr.
of filtrate passing through line 30, constituting a final
product, may be removed from the system as such or
passed to a suitable stripping zone, for example, stripper
5@, wherein it is stripped with a stream of air entering
through valved line 54 to remove any residual amounts
of chlorine therefrom. Gas consisting essentially of air
and chlorine leaves the upper part of stripper 50 through
valved line 53. Liquid phase consisting of hydrochloric
acid (30.5% wt. concentration) of high purity containing
no detectable amount of organic impurities is withdrawn
as a final product from the lower part of stripper 50
through valved line 55.

Column 34, receiving the gaseous phase from absorber
15 through line 33, consisted, in the present illustrative
description, of a column 7 meters in height with a di-
ameter of 0.61 m., having 16 trays. In column 34 the
gaseous phase is washed with aqueous hydrogen chloride.
To this effect, there was introduced through line 35, pro-
vided with cooler 36, into the upper part of the column:
1021.6 kg./hr. of water, cooled to 12° C., in which 8.3
kg./hr. of HCI had been dissolved and 2000 kg./hr. of
dilute hydrochloric acid of 12.79% concentration emanat-
ing through line 41.

Dilute hydrochloride acid having a concentration of
12.79% by weight and a temperature of 48° C. is re-
moved from the bottom of column 34, through line 37, at
the rate of 3184.5 kg./hr. and introduced into a suitable
solids separating zone, for example, a filter 38. In pass-
ing through filter 38, 20.8 kg./hr. of solid organic im-
purities consisting essentially of C,Clg are filtered off and
removed from the system by suitable means represented
in the drawing by line 46. The filtrate leaving filter 38
is passed through line 43, provided with valve 44 into
line 23, at the rate of 1184.8 kg./hr. The remaining 2000
kg./hr. of filtrate leaving filter 38 through line 43 is by-
passed through line 41, provided with valve 42, into line
35 discharging into the upper part of column 34.

Gaseous overhead leaving column 34 through valved
line 39 at the rate of 4028.3 kg./hr. had the following
composition in parts by weight:

H3O 20.6
O e 109.7
N, — —— 1952.2
CO, .~ 352
Cl, e 1897.8
CCl, — —_— 9.2
Czcls _________ 36

Chlorine was recovered from this overhead from column
34 by cooling.

The invention is of particular value when applied to
the process for the production of chlorine by oxidation of
hydrogen chloride containing organic impurities. Com-
prised within the scope of the invention is the purification

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

6
of hydrochloric acid containing organic impurities. In
the latter case, only sufficient oxygen or oxygen-contain-
ing gas is added to the impure hydrochloric acid charged
to the reaction zone containing the catalyst comprising
compounds of copper in combination with compounds of
rare earth and alkali metals, to assure the formation of
substantially no greater amount of chlorine in the reac-
tion zone than will react with the organic contaminants.

Parts of apparatus, such as pumps, valves, storage ves-
sels, etc., not essential to a complete understanding of
the invention have been omitted from the drawing and the
detajled description for the sake of simplicity. It is to
be understood that conventional means may be resorted
to to obtain and maintain the conditions of temperature
prescribed herein for the various phases of the process.

It is furthermore pointed out that modifications may
be made in the specific form of apparatus and operating
conditions described without departing from the spirit and
scope of the presently claimed invention. Thus, though
filtration is restorted to to effect the separation of solidi-
fied organic impurities with the use of filters 28 and 38
in the above-described illustrative description of the in-
vention, other conventional means such as, for example,
centrifuging, may be employed to obtain the solids sepa-
ration. Filters made of ceramic materials or plastics, such
as, for examyle, polyethylene or Teflon, are suitable, If
required, a flotation process can also be applied for this
purpose, or else an extraction process with suitable sol-
vents, for example, hydrocarbons or chlorinated hydro-
carbons.

Catalyst components entrained from reactor 5 may be
removed from the gaseous mixture before subjection to
the absorption in absorber 15 should this be found desir-
able. A suitable method for effecting such initial catalyst
separation comprises that described and claimed in co-
pending application Serial No. 270,622, filed April 4,
1963.

We claim as our invention:

1. The process for recovering chlorine and hydrochloric
acid substantially free of CyClg from a hot gaseous mix-
ture consisting essentially of chlorine in admixture with
hydrogen chloride, water vapor, inert gas and chlori-
nated hydrocarbons consisting essentially of C;Clg and
CCly, obtained by catalytic reaction of hydrogen chloride
containing organic contaminants with oxygen-containing
gas at temperatures below 400° C., which consists essen-
tially of quenching said gaseous mixture with aqueous
hydrochloric acid, contacting the quenched mixture, in
vapor phase, with a concurrently flowing liquid film of
dilute aqueous hydrochloric acid in an externally cooled,
elongated absorption zone of restricted cross-sectional
area, at a temperature of from about 0 to about 50° C.,
thereby crystallizing out CyClg while absorbing hydrogen
chloride in said dilute aqueous hydrochloric acid with the
formation of a gaseous phase comprising chlorine, hydro-
gen chloride, CCly and inert gas and a liquid phase com-
prising hydrochloric acid and suspended solid CyClg in
said absorption zone, separating chlorine from said gas-
eous phase, separating said suspended solid CyClg from
said liquid phase, and recycling a part of said liquid
phase free of any substantial amount of CyClg to the in-
let of said absorption zone.

2. The process for recovering chlorine and hydrochloric
acid substantially free of CyClg from hot gaseous mixtures
consisting essentially of chlorine in admixture with hy-
drogen chloride, water vapor, inert gas and chlorinated
hydrocarbons consisting essentially of CyClg and CCly,
obtained by catalytic reaction of hydrogen chloride con-
taining organic contaminants with oxygen-containing gas
at temperatures below 400° C., which consists essentially
of quenching said gaseous mixture with aqueous hydro-
chloric acid, contacting the quenched gaseous mixture
with a concurrently flowing liquid film of dilute aqueous
hydrochloric acid in an externally cooled, elongated ab-
sorption zone of restricted cross-sectional area, maintained
at a temperature of from about 10 to about 40° C., there-
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by crystallizing out CyClg while absorbing hydrogen chlo-
ride in said dilute hydrochloric acid with the formation
of a gaseous phase comprising chlorire, hydrogen chlo-
ride, CCl, and inert gas and a liquid phase comprising hy-
drochloric acid and suspended solid CyClg in said absorp-
tion zone, separating chlorine from said gaseous phase,
separating said suspended solid CyCls from said liquid
phase, and using a part of said liquid phase free of CyClg
to effect said quenching of said gaseous mixture.
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